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Abstract

Introduction Resection for hilar cholangiocarcinoma is the single hope for long-term survival.

Methods Ninety patients underwent curative intent surgery for hilar cholangiocarcinoma between 1996 and 2012. The
potential prognostic factors were assessed by univariate (Kaplan—Meier curves and log-rank test) and multivariate analyses
(Cox proportional hazards model).

Results The median overall and disease-free survivals were 26 and 17 months, respectively. The multivariate analysis
identified RO resection (HR=0.03, 95 % CI 0-0.19, p<0.001), caudate lobe invasion (HR=6.33, 95 % CI 1.31-30.46,
p=0.021), adjuvant gemcitabine-based chemotherapy (HR=0.38, 95 % CI 0.15-0.94, p=0.037), and the neutrophil-to-
lymphocyte ratio (HR=0.78, 95 % CI 0.62—0.98, p=0.036) as independent prognostic factors for disease-free survival. The
independent prognostic factors for overall survival were RO resection (HR=0.03, 95 % CI 0-0.22, p<0.001), caudate lobe
invasion (HR=11.75, 95 % CI 1.65-83.33, p=0.014), and adjuvant gemcitabine-based chemotherapy (HR=0.19, 95 % CI
0.06-0.56, p=0.003).

Conclusions The negative resection margin represents the most important prognostic factor. Adjuvant gemcitabine-based
chemotherapy appears to benefit survival. The neutrophil-to-lymphocyte ratio may potentially be used to stratify patients for

future clinical trials.

Keywords Hilar cholangiocarcinoma - Hepatectomy -
Survival - Inflammation

Introduction

Hilar cholangiocarcinoma is the most frequently identified
cholangiocarcinoma' and refers to malignant tumors that
arise from the biliary confluence and may extend to the left
and/or the right hepatic ducts. These tumors are widely
considered to have a worse prognosis than intrahepatic or
distal cholangiocarcinomas” because the disease is often

T. Dumitrascu - D. Chirita - M. Tonescu * I. Popescu (D<)
Center of General Surgery and Liver Transplant,
Fundeni Clinical Institute, Fundeni Street no 258,
022328 Bucharest, Romania

e-mail: irinel.popescu220@gmail.com

T. Dumitrascu
e-mail: traian.dumitrascu@srchirurgie.ro

advanced at presentation and requires demanding surgical
techniques of resection and there is a lack of effective
adjuvant therapies.” Surgery represents the single hope for
a long-term survival.* > The surgery for hilar cholangiocar-
cinomas has evolved significantly over the years' ° and
includes the resection of the extrahepatic bile duct, regional
lymphadenectomy, caudate lobectomy and, most frequently,
hepatectomy.” Liver transplant has been associated with
very good outcome in highly selected patients.®

The role of the systemic inflammatory response as a pre-
dictor of the long-term outcome for patients resected for
cancer has been previously demonstrated for colorectal can-
cer, liver metastases, and gastro-esophageal cancer,” but a
limited number of studies have investigated the biliary malig-
nancies and the available studies have mainly focused on
intrahepatic cholangiocarcinoma'® and ampullary tumors.''

The aim of the present study was to identify the prognostic
factors for overall and disease-free survival after curative intent
resection for Klatskin tumors in a large, single-center study.
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Moreover, the impact of systemic inflammation on long-term
outcome was assessed with well-established preoperative
markers.

Materials and Methods

One hundred ninety-seven patients were surgically treated for
a presumed diagnosis of hilar cholangiocarcinoma at our
institution between 1996 and March 1, 2012. Patients with
gallbladder or intrahepatic cholangiocarcinoma invading the
hilum were excluded. Sixty-three patients (32 %) were preop-
eratively assessed as unresectable and underwent palliative
surgery, while 134 patients (68 %) were surgically explored
with a curative intent. Furthermore, 41 patients (31 %) were
intraoperatively assessed as unresectable and underwent pal-
liative surgery, while 93 patients (69 %) underwent resection.
Benign hilar lesions were identified in three of the patients in
the resected group (3.3 %). The final pathological diagnosis of
hilar cholangiocarcinoma was established in 90 patients who
were further analyzed (Fig. 1). The criteria for unresectability
that were used in the present series are shown in Table 1. The
data for the 90 resected hilar cholangiocarcinomas were ret-
rospectively assessed from a prospectively gathered electronic
database that included demographic and pre-, intra-, and

Fig. 1 Flow chart of patients
surgically treated for hilar
cholangiocarcinoma at
Fundeni Clinical Institute
(1996-2012)

Table 1 Criteria of unresectability for hilar cholangiocarcinoma (Fun-
deni Clinical Institute)

Patient factors

Medically unfit or unable to tolerate a major operation

Hepatic cirrhosis that preclude a safe liver resection (Child—Pugh B and C)
Local tumor-related factors

Tumor extension to secondary biliary radicles bilaterally that
preclude complete tumor removal

Encasement or occlusion of the main portal vein/hepatic artery
that preclude reconstruction

Atrophy of 1 hepatic lobe with contralateral portal vein/hepatic
artery branch encasement or occlusion

Atrophy of 1 hepatic lobe with contralateral tumor extension to
secondary biliary radicles

Unilateral tumor extension to secondary biliary radicles with
contralateral portal vein/hepatic artery branch encasemment
or occlusion

Metastatic disease
Liver®, lung metastases
Peritoneal metastases

4 Exception: six cases with one to three metastases that were removed
with the operative specimen

postoperative parameters. The study was approved by the
Ethics Committee at our institution.

Patients with surgery for hilar

cholangiocarcinoma
N =197

Preoperatively unresectable
(palliative surgery)

1
Explored with curative intent
N =134 (68 %)

N =63 (32%)
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Resection Palliative surgery/ laparotomy
N =93 (69%) N =41 (31%)
s X - X
Benign lesions (Klatskin
mimicking)
N=3
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s X -
Malignant (Klatskin)
N=90
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( RO resection )
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The clinical and anatomical assessment of these tumors
was made using the Bismuth—Corlette classification, while
The American Joint Committee on Cancer TNM Staging
System (seventh edition) was used for tumor staging.'”
Preoperative biliary drainage was selectively used only for
patients with cholangitis and impaired renal function.

Postoperative complications were assessed with the Dindo—
Clavien classification'® and the International Study Group of
Liver Surgery definitions and severity grading for post-
hepatectomy liver failure,'® bile leakage,'” and post-
hepatectomy hemorrhage.'® In patients with more than one
postoperative complication, the highest grade of severity was
considered. Postoperative mortality was defined as the 60-day
mortality rate.

Statistical Analysis

The data are expressed as number (percentage) and median
(range). The univariate analysis for potential prognostic fac-
tors utilized Kaplan—Meier curves and the log-rank test. For
continuous variables, the median was used as the cut-off point
for dividing the patients into subgroups. The multivariate
analysis used a Cox proportional hazards model to analyze
variables with p values less than 0.10 in the univariate analy-
sis, after elimination of intercorrelated factors. Pearson’s cor-
relation coefficient was used for continuous variables, while
Spearman’s rho correlation coefficient was used for categori-
cal variables. A p value less than 0.05 was considered statis-
tically significant. The statistical analysis was performed with
SPSS version 17.0 software (SPSS Inc., Chicago, IL, USA).

Results
Demographic and Preoperative Data

The median age was 57.5 years (range, 24—77), with the
male gender predominating (52 patients—58 %). Most of
the patients presented with jaundice (85 patients—94 %),
and 24 patients (27 %) showed signs of cholangitis. The
cholangitis was due to the disease in 14 patients (16 %) and
related to biliary drainage in 10 patients (11 %).

Preoperative biliary drainage was performed for 26 patients
(29 %); drainage was performed percutaneously (eight
patients—9 %), endoscopically (five patients—6 %), or by
previous surgery (13 patients—14 %). Only eight patients
(9 %) were considered for preoperative biliary drainage in
our unit (due to cholangitis with impaired renal function); 10
other patients had already received biliary drainage during
previous surgical exploration (11 %) and eight patients
(9 %) were referred from gastroentereologists with previous
palliation of jaundice. Nineteen patients (21 %) had previous-
ly received exploratory surgery in another unit.

The preoperative median serum bilirubin level was
10.4 mg/dl (range, 0.6-35 mg/dl), hemoglobin level was
12.5 g/dl (range, 7.1-16 g/dl), and the CA 19-9 serum level
was 200 Ul/ml (range, 3-5,000 Ul/ml). The markers of
systemic inflammation were assessed no more than 7 days
prior to resection and included the white blood cell count
(median, 8,000/ul; range, 5,100-37,000), neutrophil count
(5,550/ul; range, 3,400-33,300), lymphocyte count
(1,700/ul; range, 800-2,800), platelet count (312,000/ul;
range, 170,000-700,000), serum albumin level (4 g/dl;
range, 2-5.4), neutrophil-to-lymphocyte ratio (3.3; range,
1.3-23.2), and thrombocyte-to-lymphocyte ratio (183.9;
range, 63.1-700).”

Operative Data

The Bismuth classification of the tumors and the surgical
procedures are shown in Table 2. The standard lymphadenec-
tomy (performed in 87 patients—97 %) included the lymph
nodes from the hepato-duodenal ligament, the common he-
patic artery, the posterior surface of the pancreatic head, and
right side of the celiac trunk.

Vascular resection was performed in 15 patients (17 %)
for presumed invasion into the portal vein (12 patients—
13 %) or hepatic artery (three patients—3 %). Caudate
lobectomy was performed in 45 patients (50 %). The median

Table 2 Bismuth classification and surgical procedures for 90
patients, resected for Klatskin tumors

Number
of patients

Bismuth
classification

Surgical procedure

Type V1L 22 Simple biliary tract resection:

* With caudate lobectomy—4

* With hepatic artery resection—1
Type IIIA 26 Right hemihepatectomy—23

» With caudate lobectomy—13
» With portal vein resection—4
Right trisectionectomy—2

» With portal vein resection—1

Simple biliary tract resection
(atrophy of left lobe)—1

Left hemihepatectomy
» With caudate lobectomy—27

» With portal vein resection—7

Type 11IB 33

Type IV 9 Simple biliary tract resection—6
» With caudate lobectomy—1

» With hepatic artery resection—1
Central trisectionectomy—1

Left trisectionectomy with
hepatic artery resection—1

Left hemihepatectomy—1
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intraoperative blood loss was 600 ml (range, 100—
12,000 ml) and 56 patients (62 %) required peroperative
blood transfusions. The median operating time was 270 min
(range, 120-620 min).

Pathology Data

Most of the tumors had an infiltrative phenotype (53 patients—
59 %) but the nodular type was encountered in 30 patients
(33 %). The papillary phenotype was only noticed in seven
patients (8 %). The median tumor diameter was 2.5 cm (range,
0.4-5 cm). While most of the tumors were adenocarcinomas (87
patients—97 %), three of the patients (3 %) had squamous cell
carcinoma. Most of the tumors were well-differentiated G1 (53
patients—59 %), while moderately differentiated G2 were 27
patients (30 %) and poorly differentiated G3 10 patients (11 %).
Perineural invasion was observed in 39 patients (43 %).

Eighteen patients were assessed as T1 (20 %), 32 patients
as T2 (36 %), 35 patients as T3 (39 %), and five patients as
T4 (5 %). Lymph node metastases were present in 37
patients (41 %) and the status of loco-regional lymph nodes
could not be assessed in three patients (3 %). The median
number of harvested lymph nodes was 4 (range, 1-22), and
the median lymph node ratio was 0.25 (range, 0-1).

Six patients (7 %) from the present study had one to three
metastases that were removed with the operative specimen.
The TNM staging system classified 16 patients as stage I
(19 %), 20 patients as stage II (22 %), 13 patients as stage
IIa (14 %), 28 patients as stage IIIb (31 %), four patients as
stage IVa (4 %), and six patients as stage [Vb (7 %). The
stage could not be assessed in three patients (3 %) due to
missing lymph node data.

A curative resection (i.e., RO—no microscopic residual
tumor) was achieved in 68 patients (75 %), while 22 patients
(25 %) were assessed as R1 (microscopic residual tumor).
The residual microscopic tumor was mainly observed in the
liver (17 patients—19 %), while five patients (5 %) had an
R1 on the biliary side.

Ten of the 15 patients with associated vascular resec-
tions (67 %) had microscopically confirmed tumor in-
vasion (PV1—eight patients, PV0—four patients, HA1—two
patients, HAO—one patient). Caudate lobe invasion was his-
tologically confirmed in 11 of the 45 patients with caudate
lobectomy (22.2 %).

Postoperative Morbidity and Mortality

Complications occurred in 48 patients (53 %). The Dindo—
Clavien classification classified nine patients as grade I
(10 %), 12 patients as grade II (13 %), six patients as grade
Ia (7 %), seven patients as grade IIIb (8 %), six patients as
grade IVa (7 %), and one patient as grade IVb (1 %). The
median postoperative hospital stay was 15 days (range, 1—
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65 days). Re-laparotomy was necessary in 17 patients
(19 %) due to complications.

A postoperative bile leak was the most frequent complica-
tion (27 patients—30 %): grade A—three patients (3 %),
grade B—19 patients (21 %), and grade C—five patients
(5 %). Postoperative hemorrhage was observed in five patients
(5 %) (grade C), and postoperative liver failure was observed
in 16 patients (18 %) (grade A—five patients, grade B—seven
patients, and grade C—four patients). The 60-day mortality
rate was 8 % (seven patients) due to postoperative liver failure
(four patients), sepsis with multi-organ failure (two patients),
and hemorrhagic shock (one patient).

Postoperative Long-term Follow-up

The median follow-up time was 68 months (range, 6—
143 months). A total of 82 patients were included in the
survival analyses (the seven postoperative deaths were ex-
cluded and one patient was lost to follow-up). Forty-three
patients (52 %) received adjuvant treatment: chemotherapy
(36 patients—44 %), radiochemotherapy (six patients—7 %),
or radiotherapy (one patient—1 %). Gemcitabine was used the
most frequently for adjuvant chemotherapy (26 patients—
32 %). The follow-up protocol included a clinical examina-
tion, CA 19-9 serum level, and computer tomography/mag-
netic resonance imaging every 3 months during the first year,
every 6 months in the secondyear, and yearly thereafter.

Twenty-six patients (32 %) were still alive (22 patients
without recurrence of the disease—27 %) at the last follow-
up (September 1, 2012). Fifty-one patients (92 %) died from
disease-related causes, while five patients died from other
causes (56 total deaths—68 %). The disease recurred in 54
patients (66 %) during the follow-up period: only locally
(four patients—7 %), only distant (29 patients—54 %), and
locally and distant (21 patients—39 %).

Survival Analysis

After resection, the median overall survival time was
26 months and the 1-, 3-, 5-, and 10-year survival rates were
74, 45, 27, and 24 %, respectively. The median disease-free
survival time was 17 months and the 1-, 3-, 5-, and 10-year
survival rates were 64, 34, 25, and 24 %, respectively.

Univariate Analysis

The potential prognostic factors for disease-free and overall
survival are shown in Table 3.

Multivariate Analysis

In the multivariate analysis, the neutrophil-to-lymphocyte
ratio (p=0.036), type of resection (RO vs. R1) (p<0.001),
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Table 3 The potential prognostic factors for overall (OS) and disease- Table 3 (continued)

free survival (DFS) after Klatskin tumor resection (82 patients)— ; )

univariate analysis Parameter ?/Iedlgrll )0 S pvalue I\D/I;:(Shan p value

months
Parameter Median OS p value  Median p value (months)
(months) DFS
(months) Intraoperative blood loss (ml)
<600 42 0.012 34 0.042

Age (years) >600 17 12

<58 25 0.310, ns 16 0.458, ns Operative time (min)

>58 26 17 <270 4 0.002 31 0.025
Sex >270 15 11

F 21 0.280, ns 16 0.395, ns Bismuth type

M 40 17 il 42 <0001 35 0.001
Cholangitis 1la 14 11

No 40 <0.001 34 <0.001 11Ib 43 38

Yes 9 6 v 10 8
Preoperative biliary drainage Macroscopic features

Yes 36 0.560, ns 17 0.411, ns Papillary NR <0.001 NR <0.001
No 26 17 Nodular 42 35

Previous surgical exploration Infiltrative 14 10

No 34 0.019 19 0.048 Tumor maximal diameter (cm)

Yes 15 15 <5 44 <0.001 35 <0.001
Serum bilirubin level (mg/dl) >2.5 14 10

<10.4 42 0.049 31 0.045 Perineural invasion

>10.4 17 12 No 43 <0.001 38 <0.001
Serum albumin level (g/dl) Yes 11 8

>4 44 <0.001 38 <0.001 T stage

<4 13 10 Tl NR <0.001 NR <0.001
Hemoglobin level (g/dl) T 21 15

>12.5 43 0.015 34 0.018 T3 19 11

<12.5 17 12 T4 8 5

Leukocyte number (/mmc) N stage

<8,000 43 0.010 35 0.011 NO 49 <0.001 38 <0.001
>8,000 17 11 N1 14 10
Neutrophil-to-lymphocyte ratio No. of harvested lymph nodes

<33 43 <0.001 38 <0.001 >4 22 0.282, ns 16 0.275, ns
>3.3 15 11 <4 42 31
Thrombocyte number (/mmc) Lymph nodes ratio

<312,000 44 <0.001 40 <0.001 <005 43 <0.001 35 <0.001
>312,000 14 10 >0.25 14 9
Thrombocyte-to-lymphocyte ratio Grade of differentiation

<184 43 0.002 35 0.004 Gl 42 0.086, ns 27 0.284, ns
>184 17 12 G2 21 14

CA 19-9 (U/ml) G3 12 10

<200 43 <0.001 35 0.004 Type of resection

>200 13 12 RO 42 <0.001 34 <0.001
Vascular resection (portal vein/hepatic artery) Rl 9 7

No 26 0.184, ns 17 0.299, ns Caudate lobe invasion

Yes 17 15 No 38 <0.001 28 <0.001
Caudate lobe resection Yes 12 10

Yes 33 0.535,ns 27 0389,n8  TNM stage

No 22 16 I NR <0.001  NR <0.001
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Table 3 (continued)

Parameter Median OS p value  Median p value
(months) DFS
(months)
I 43 21
1T 19 12
v 11 8
Postoperative complications
No or grade I/II Dindo 33 0.125, ns 19 0.059, ns
Grade 1II/IV Dindo 26 11
Postoperative hemorrhage
No 33 0.008 17 <0.001
Yes 4 2
Postoperative bile leak
No 33 0.125, ns 19 0.059, ns
Yes 26 11
Postoperative liver failure
No 36 0.001 21 0.001
Yes 11 9
Postoperative hospital stay (days)
<15 36 0.001 35 0.015
>15 11 12
Adjuvant chemotherapy
Gemcitabine 49 0.001 35 0.016
Other chemotherapy 15 12
Adjuvant radiotherapy
Yes 21 0.302, ns 16 0.440, ns
No 26 17
Type of recurrence
Local only 63 0.018 12 0.157, ns
Distant w/wo local 15 11

NR median was not reached, ns not significant

caudate lobe invasion (»p=0.021), and adjuvant chemother-
apy with gemcitabine (p=0.037) were found to be indepen-
dent risk factors for disease-free survival, as shown in
Table 4. For overall survival, the type of resection (RO vs.
R1) (p<0.001), caudate lobe invasion (p=0.014), and adju-
vant chemotherapy with gemcitabine (p=0.037) were found
to be independent risk factors, as shown in Table 5. The
neutrophil-to-lymphocyte ratio was not found to be an inde-
pendent risk factor for overall survival, although the p value
was close to statistical significance (p=0.053).

Discussion
Resection has significantly improved the prognosis of
patients with Klatskin tumors compared to unresected

patients.* > 7> '® The resectability rate has increased
through the years from 10 %° to more than 50 %,> ' with
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Table 4 Multivariate Cox proportional hazards model for disease-free
survival prognostic factors

Prognostic factor RR (95 % CI) p value

Neutrophil-to-lymphocyte ratio <3.3  0.78 (0.62-0.98) 0.036

Adjuvant chemotherapy 0.38 (0.15-0.94) 0.037
with gemcitabine

RO resection 0.03 (0-0.19) <0.001

Caudate lobe invasion 6.33 (1.31-30.46) 0.021

RR relative risk of recurrence, CI confidence interval

the leading hilar cholangiocarcinoma treatment centers even
achieving rates of 70 to 100 %.'® 2°~*? The resectability rate
in the present series was 69 %.

Although rarely performed in the past, major liver
resection is now widely used for curative intent surgery of
Klatskin tumors” ?!* ** and has been proven to significantly
improve the prognosis for even advanced tumors (i.e., type
III and IV Bismuth).* '* #°

Portal vein invasion is no longer a contraindication for
resection in Klatskin tumors.'®: ° While the routine en bloc
resection of the portal vein has been proposed by some
groups* in order to increase RO resection rates, this proce-
dure has a high mortality rate. Therefore, most surgical
teams perform a portal vein resection only when there is a
clinical suspicion of invasion.'® ' 2° The reported percen-
tages of portal vein resection in Klatskin tumors vary from
9.8 to 37 %,” ' '® 21- 26 while hepatic artery resections
range from 1.7 to 18 %.” '® 2! Nevertheless, the need for
portal vein resection has been associated with decreased sur-
vival in some studies.™ ' 27 Other studies have not shown an
impaired prognosis,”"* 2® 23 as is the case in the present
series.

Caudate lobectomy was proposed as a routine
procedure'® 2 3% 3% due to frequent reports of tumor
invasion to the caudate lobe bile ducts.*® However, the real
impact of caudate lobectomy on long-term outcome remains
debatable. Some studies have shown that caudate lobectomy
appears to have no impact on survival after the resection of
Klatskin tumors,”” ?* while other studies have shown an
improvement in prognosis, which mainly occurs due to an

5, 23

Table 5 Multivariate Cox proportional hazards model for overall
survival prognostic factors

Prognostic factor RR (95 % CI) p value

Neutrophil-to-lymphocyte 0.76 (0.57-1) 0.053, ns
ratio <3.3

Adjuvant chemotherapy 0.19 (0.06-0.56) 0.003
with gemcitabine

RO resection 0.03 (0-0.22) <0.001

Caudate lobe invasion 11.75 (1.65-83.33) 0.014

RR relative risk of death, CI confidence interval, ns not significant



J Gastrointest Surg (2013) 17:913-924

919

increased rate of negative resection margins.** *> A recent
study identified the absence of caudate lobectomy as an
independent risk factor for an impaired disease-free survival
after Klatskin tumors resection, but not overall survival.*!
Conversely, caudate lobe invasion appears to be correlated
with a poor prognosis.” However, the incidence of histolog-
ically proven caudate lobe invasion has been lower in recent

series than historically reported (12.6 vs. 98 % of patients
with associated caudate lobectomy).” *° The present study
identified caudate lobe invasion as an independent prognos-
tic factor for both disease-free and overall survival. The
incidence of histological caudate lobe invasion was 22 %
(Fig. 2c, d). Although caudate lobectomy has not emerged
as a prognostic factor in the present series, we do believe

R status R status
1,0 1,04
IR0 IR0
. °RI1 - ¢"tR1
4 RO, censored 4 RO, censored
4 R1,censored
0,84 0.8
® .
2 : —
3 : 5
0,6 0.6
50, . 20,
» : 2
: S
o . @
L . —
u- . ®
[ ‘% ;
© 0.4+ . > 0,4
@ M (o]
0 .
Q .
0.2 : 0.2
:l
°07 a p < 0.001 007 p < 0.001
T T T T T L L T T T T T T T T T L T T L T T
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 8 96 108 120
Time from surgery (months) Time from surgery (months)
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084 08 .
.
.
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Fig. 2 Kaplan—Meier curves stratified according to R status for disease-free (a) and overall survival (b) and to caudate lobe invasion for disease-
free (c¢) and overall survival (d)
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that this procedure should be routinely performed because
of the relatively high incidence of tumor invasion into the
caudate lobe and the lack of an accurate pre- or intraoper-
ative assessment of this feature. Dissection of the tumor
from the caudate lobe to assess tumor invasion may poten-
tially jeopardize the oncological safety of the resection.

Preoperative biliary drainage of the future remnant liver has
been proposed as a routine by some surgical teams,> '* 2!+ 37
while others recommend using this approach selectively.*® The
proponents of routine preoperative biliary drainage argue for
the increased safety of liver resection despite the increased risk
of cholangitis,®” while opponents emphasize the potential risks,
such as ascending cholangitis (up to 48 %)*° or tumor
seeding.”’ Cholangitis has been identified as a risk factor for
morbidity and mortality in some studies™ but not others.?’
Preoperative biliary drainage appears to have no impact on
long-term outcome,** ** as confirmed in the present study.

In the present study, cholangitis was associated with a
significant decrease in both disease-free and overall surviv-
al, as determined by univariate analysis. These data suggest
that reducing the incidence of preoperative cholangitis may
potentially lead not only to decreased postoperative morbid-
ity and mortality but also to a better long-term prognosis.
The selective use of preoperative biliary drainage is most
likely the best approach, for patients with cholangitis and a
future remnant liver volume of less than 30—40 %.*% *!

The postoperative mortality rate after Klatskin tumor
resection decreased from 15.3° to 5-10.1 % in a recent large
series.” " 1% 2% In-hospital mortality rates of 1.7-2 %% ?!
and even no mortality’® were also reported in highly spe-
cialized centers. The most common cause of death was liver
failure.”!

The morbidity rate after curative intent surgery for
Klatskin tumors is reported to be approximately 42—
75 %y 7 18 19: 213395 the high rates were reported when
the Dindo—Clavien classification was used.*® ** Morbidity
has been recently demonstrated as an independent risk factor
for an impaired long-term outcome after curative intent
surgery for Klatskin tumors.*> In the present series, the
60-day mortality rate was 8 %. The overall morbidity
rate was 53 %, with major complications (grade III-IV
Dindo) occurring in 23 % of the patients and with no

impact on long-term prognosis, as shown in previous
studies.”

The current median overall survival after curative
intent surgery for Klatskin tumors is 19.9-39
months,* > 7+ 19 20 26031496 with |_year survival rates
of 66.8-82 %, * 2! 2° 5.year survival rates of 20—
42 %, * 7 18 21.26.46 and 10-year survival rates of 12—
19.9 %.” ** The median disease-free survival rates vary from
12 to 20 months.> * 7 19 2% 47. 48

Cancer-free margins (RO resection) are widely accepted as
the most important independent prognostic factor for both
disease-free and overall survival after Klatskin tumor
resection,” 7+ 19 21: 25730: 3246 with the incidence of cancer-
free margins ranging from to 9 to 90 %> * 7 1% 21 26: 37. 38 1y
the present series, RO resection was obtained in 75 % of the
cases (Table 6) and emerged as an independent prognostic
factor for both disease-free and overall survival (Fig. 2a, b).

Loco-regional lymph node metastases are also an
important independent prognostic factor for both disease-
free” 33 47 48 a1d overall survival 2 7+ 17 1921, 26,27, 29,31, 32, 46
However, some studies have only identified the presence of
metastatic lymph nodes at the celiac trunk as an independent
prognostic factor for disease-free™ *' and overall survival,*
while others have failed to demonstrate any prognostic value
of loco-regional lymph node metastasis.”> ** ** Metastases to
loco-regional lymph nodes have been reported in 26.1-51 % of
cases.” ™ 7 19 21 26 I the present series, metastases to loco-
regional lymph nodes were detected in 41 % of the patients.

The prognostic value of the lymph node ratio and
number of harvested lymph nodes for Klastskin tumors
was previously investigated in only one study, which
identified the lymph node ratio as an independent risk
factor for overall survival.”® The number of harvested
lymph nodes was not identified as a prognostic factor in
the present study, but an increased lymph node ratio
appears to impair prognosis as determined by univariate
analysis, with a similar cut-off (0.25) to the cut-off
value used in the multivariate analysis of Guglielmi and
co-workers.”®

The use of adjuvant treatment after Klatskin tumor resec-
tion is controversial® and has not been strongly proven to be
of any benefit.' The reasons for both postoperative radio-

Table 6 Summary of published

No. of patients Mortality (%) Morbidity (%) RO resections (%) 5S-year OS (%)

data Author, year
Launois et al., 1999 40
Lee et al., 2010%! 302
Igami et al., 2010" 298
Hirano et al., 20107 146
Li et al., 201132 215
Nuzzo et al., 20127 440

OS overall survival, N4 not
available

Present series 90

12.5 25 80 6
1.7 43 71 32
2 43 74 42
34 44 NA 355
4.5 41.2 65 29.7

10.1 47.6 71.3 25.5
8 53 75 27
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and chemotherapy are related to the high local and distant
recurrence rates that occur after the so-called curative intent
surgery for Klatskin tumors. Cheng and co-workers identi-
fied adjuvant radiotherapy but not chemotherapy as an in-
dependent prognostic factor after curative intent surgery for
Klatskin tumors,* but other studies have failed to demon-
strate any benefit.”
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In the present study, adjuvant gemcitabine-based chemo-
therapy was identified as an independent prognostic factor
for both disease-free and overall survival (Fig. 3c, d), as
previously shown.** Nevertheless, some studies deny any
benefit of adjuvant chemotherapy.* *°

Recurrence after curative intent surgery for Klatskin
tumors primarily occurs at the liver hilum,” but other studies
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Fig. 3 Kaplan—Meier curves stratified according to neutrophil-to-lymphocyte ratio for disease-free (a) and overall survival (b) and to adjuvant

gemcitabine-based chemotherapy disease-free (c¢) and overall survival (d)
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have shown a predominantly distant pattern of recurrence
after RO resection.”” *» *® Associated liver resection has
been demonstrated to reduce liver recurrence.*’ In the pres-
ent series, the distant pattern of recurrence was predominant
(50 of 54 patients with recurrent disease—92.5 %, with
local recurrence in 21 patients—39 %).

The systemic inflammatory response has been largely
investigated as a prognostic factor for primary operable
cancer and was proven to have prognostic value.” °° The
cause of this inflammatory response in cancer patients is still
being researched, but disease progression appears to depend
on the interaction of tumor with the host inflammatory
response.” In patients with jaundice, as is the case for the
largest portion of Klatskin tumor patients, the systemic
inflammatory response may also result from local infection
(i.e., cholangitis).

Inflammation pathways have been demonstrated to be
implicated in cholangiocarcinogenesis”' and were associat-
ed with poor prognosis.”” Interleukin-6 appears to have a
key role in biliary inflammation and carcinogenesis.’”
Nevertheless, anti-inflammatory drugs have been demon-
strated to prevent carcinogen-induced cholangiocarcinoma
formation in animal models.”*

For Klatskin tumors, there is only one study investigating
the prognostic value of systemic inflammatory markers in
Klatskin tumors.>> Although this study identified C-reactive
protein as an independent risk factor for overall survival,
most of the patients in the study did not undergo resection.”

The present study identified preoperative markers of sys-
temic inflammation as prognostic factors for both disease-
free and overall survival, in a univariate analysis, as shown
in Table 3. Moreover, the neutrophil-to-lymphocyte ratio
has been identified as an independent prognostic factor for
disease-free survival (Fig. 3a, b). An increased neutrophil-
to-lymphocyte ratio approached statistical significance as a
negative prognostic factor for overall survival in the present
study (p=0.053). The neutrophil-to-lymphocyte ratio was
recently demonstrated to be superior to other inflammatory
markers in other neoplasms as a prognostic factor.”®

Previous studies have shown that an increased neutrophil-
to-lymphocyte ratio is associated with a reduced disease-free
or overall survival after resection for solid cancers such as
colo-rectal cancer, colo-rectal liver metastases, or pancreatic
adenocarcinoma.” > %% However, the clinical usefulness of
this finding remains unclear, as is the case in the present study.
Nevertheless, preoperative markers of the systemic inflamma-
tory response are widely available, inexpensive, and part of
the routine preoperative work-up.

The present study could not identify the cause of the
systemic inflammatory response in patients with Klatskin
tumors; however, we speculate that the cause is most likely
due to local infection (i.e., cholangitis) rather than to the
host inflammatory response to cancer.

@ Springer

Conclusion

Negative resection margins represent the most important
prognostic factor after curative intent surgery for Klatskin
tumors. The long-term postoperative outcome is more likely
to be influenced by the presence of caudate lobe invasion
rather than caudate lobe resection. However, caudate lobecto-
my should be routinely performed. The use of gemcitabine-
based adjuvant chemotherapy appears to benefit survival.
Several preoperative parameters, such as hypoalbuminemia
and cholangitis, may have a negative impact on survival and
are potentially correctable prior to resection. The neutrophil-
to-lymphocyte ratio, which was identified as a novel and
promising independent prognostic factor, may potentially be
used to stratify patients for future clinical trials, but its impact
on clinical practice remains unclear.
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